Abstract: This study investigates the impact of foreign direct investment (FDI), economic growth and energy consumption on carbon emissions in five selected member countries in the Association of South East Asian Nations (ASEAN-5), including Indonesia, Malaysia, the Philippines, Singapore and Thailand. This paper employs a panel quantile regression model that takes unobserved individual heterogeneity and distributional heterogeneity into consideration. Moreover, to avoid an omitted variable bias, certain related control variables are included in our model. Our empirical results show that the effect of the independent variables on carbon emissions is heterogeneous across quantiles.
Introduction
In recent years, climate change and global warming have emerged as some of the most serious problems facing the international community. The human effect on the climate system is clear, and the recent anthropogenic emissions of greenhouse gases, especially carbon emissions, are the highest in history. Climate changes have had a widespread influence on human and natural systems 1 . Therefore, across the world, a considerable amount of attention has been paid to controlling carbon emissions and developing a low-carbon economy. The two most important variables related to environmental degradation are economic growth and energy consumption. Although they have become decisive factors in environmental pollution, the majority of studies limit their analyses only to environmental pollution, particularly CO2 emissions, which correlate with energy consumption and economic growth.
Energy consumption and economic growth alone may not explain CO2 emissions (Zhang, 2011; Ozturk et al, 2013) . Therefore, we need to consider other variables that are associated with carbon emissions.
Although FDI has become increasingly important, few details have been discussed in this regard, especially in the ASEAN context. Indeed, the rising FDI flow in developing countries raises an important question regarding whether it has any environmental consequence (Zeng and Eastin 2012) .
Therefore, research on the effect of FDI on carbon emissions is necessary. Although ASEAN is active in attracting FDI, previous studies lack an analysis of the complexity correlation of FDI and CO2
emissions as well as the causality, which leads to poorer discernment in the pollution haven hypothesis.
The conventional view may suggest that, with relaxed environmental standards in developing countries, FDI may promote CO2 emissions at large (Pao and Tsai, 2011) . To attract foreign investment, developing countries have a tendency to ignore environmental concerns through relaxed or non-enforced regulation; in economic theory, this phenomenon is designated the pollution haven hypothesis. However, the effect of FDI can be inverted when low-carbon technologies are introduced to reduce the carbon dioxide emissions by FDI as a whole or when FDI flows to focus on the service industry. It is believed that foreign companies use better management practices and advanced technologies that are conducive to a clean environment in host countries (Zarsky, 1999) , which is known as the halo effect hypothesis. Similarly, Zeng and Eastin (2012) find that overall FDI inflows in less-developing countries promote better environmental awareness.
In addition to these issues, existing studies also fail to find evidence of a consensus concerning the impact of economic growth on CO2 emissions. Although the Environmental Kuznet Curve (EKC)
hypothesis postulates an inverted U-shaped relationship between economic growth and CO2 emissions, there is some evidence that the EKC hypothesis is a linear relationship (Khalid and Muhammad, 2013) and an N-shaped relationship (He and Richard, 2010) , and some find that the EKC hypothesis is invalid.
Several reasons may explain the considerable differences in conclusion: The samples used for analysis are different; the model and the method employed to estimate the relationship vary; and the control variables included in the model are diverse (Narayan and Smyth, 2009; Rafiq et al, 2009; Esteve and Tamarit, 2012) . We argue that the main shortcoming of these studies is that the result may be biased due to neglect of distributional heterogeneity. In this paper, we examine the determinants of CO2 emissions considering distributional heterogeneity in panel quantile regression framework.
The impact of energy consumption on CO 2 emissions is also controversial. Some studies find that energy consumption has a positive effect on CO 2 emissions (Acaravci and Ozturk, 2010; , whereas some studies show that CO 2 emissions are not attributable to energy consumption (Salim et al, 2008; Apergis et al, 2010; Menyah and Wolde-Rufael, 2010) . One of the limitations of previous studies is that they involve only two or three variables and thus suffer from omitted-variable bias. Therefore, to avoid omitted-variable bias, we consider relevant variables as control variables.
According to the previous literature, such as the studies by Shi (2003) , Boutabba (2014) , Rafiq et al. (2015) and You et al. (2015) , we choose trade openness, population size, the industrial structure, and financial development as control variables.
The motivation behind using a panel quantile regression fixed effect model on emissions is threefold:
First, we employ the panel data framework to research the determinants of CO 2 emissions in ASEAN countries because it has the advantage over focusing on a single country of providing more informative data, more variability, more degrees of freedom and thus greater efficiency in estimation (Lean and Smyth, 2010) . Moreover, panel data model accommodates the special heterogeneity indicated by region-specific, non-observable and time-invariant intercepts. In addition, many of the environmental problems confronting ASEAN members have a trans-boundary character and thus demand a collective response. Therefore, it makes sense to examine the determinants of CO 2 emissions for ASEAN countries within the panel data framework. Second, this method can describe the entire conditional distribution of the dependent variable; therefore, it helps us obtain a more complete picture of the factors associated with pollutant emissions. Specifically, quantile regression estimators provide one solution to each quantile. Using this methodology, we can assess the determinants of emissions throughout the conditional distribution, especially in the countries with the most and least emissions.
From a policy perspective, it is more interesting to know what occurs at the extremes of a distribution.
By contrast, OLS regression techniques are not suitable for making environmental protection policies for high-emissions countries. Third, the panel quantile regression estimation results are robust to outlying observations of the explained variable and are more effective than OLS regression, especially when the error term is non-normal, which will help policymakers formulate more accurate environmental protection policies. However, only a few papers have applied a panel quantile regression fixed effect model to investigate the relationship among variables (Damette and Delacote, 2012; Flores et al., 2014; Yaduma et al., 2015) .
Therefore, we use a panel quantile regression fixed effect model to explore the impact of FDI, economic growth and energy consumption on carbon emissions in five selected ASEAN countries. This paper makes three contributions: First, this study provides a more detailed description of the determinants of carbon emissions throughout the conditional distribution, especially in the highest and lowest quantiles. This approach provides a new perspective to understanding how the factors impact carbon emissions. Specifically, the analytical method of this study allows us to ascertain the validity of the pollution haven hypothesis, the halo effect hypothesis and the EKC hypothesis in five selected ASEAN countries. Second, certain related control variables are included in our model, which may resolve the omitted-variable bias problems that previous studies have faced. This issue has often been overlooked in previous studies, despite its importance (Lean and Smyth, 2010) . Third, because of the method used, we find that economic growth and population have a negative effect on carbon emission among the high-emissions countries, in contrast with the previous findings. Therefore, the results of this study are also expected to provide useful information to policymakers in drafting effective environmental and economic growth policies.
The remainder of the paper is organized as follows. Section 2 is a brief introduction on the ASEAN context. Section 3 reviews the related literature. Section 4 introduces the methodology and data.
Section 5 presents the empirical results and analysis. Finally, the conclusion and policy recommendations are presented in Section 6.
The ASEAN context
The selected ASEAN countries (ASEAN-5), i.e., Indonesia, Malaysia, the Philippines, Singapore, Kuznets effect and hence reached a certain income threshold to reverse the influence of economic growth on carbon dioxide emissions? Similarly, the increasing per capita income may also significantly contribute to environmental pollution. Therefore, given the impressive growth rate of these countries in the past, validating and testing this hypothesis is necessary.
Experts expect that growth in the ASEAN energy demand will be higher, with an average annual rate of 4% compared with the world average of 1.8% 3 . Indeed, there is evidence that higher fossil fuel use will become a challenge for policymakers, especially in terms of managing the issue of climate change.
CO 2 emissions are expected to increase by 5.1% annually as a result of primary energy consumption.
According to the latest statistics, ASEAN's share of global emissions, which was 4% in 2013, is small, but it will nearly double by 2040. CO 2 emissions grow at a faster pace than the primary energy demand because of the increasing share of coal in the energy mix 4 . The goal of the ASEAN Vision 2020 is to pursue a consistent approach to regional cooperation in pooling and maximizing the efficient utilization of resources. Indeed, ASEAN's position in playing an important role in reducing the emissions footprint proves the importance of understanding the sources of emissions and their determinants. (He, 2006; Kearsley, 2010) , but apart from a few studies, little is currently known with respect to ASEAN (Elliott and Shimamoto, 2008; Atici, 2012 (Karki et al., 2005) . Given the significant amount of capital inflows in ASEAN-5, it is essential to verify the effects of these capital inflows on environmental pollution.
Literature review
The literature review shows that the relationships among CO 2 emissions, FDI, economic growth and energy consumption can be broadly classified into three research clusters. First, the empirical work focusing on the relationship between CO 2 emissions and economic growth tests the validity of the ECK hypothesis. Second, analyses focus on the energy-CO 2 emissions nexus, and third, analyses focus on the FDI-pollution nexus to verify the validity of the pollution haven hypothesis. Nevertheless, for ASEAN countries, a limited number of studies are available.
Following the seminal work of Grossman and Krueger (1995) , numerous studies have investigated the relationship between economic growth and environmental pollution under the heading of the environmental Kuznets curve (EKC) hypothesis; these studies include those by Suri and Chapman (1998) , Dinda and Coondoo (2006) , Managi and Jena (2008) , and Zhu et al. (2012 With regard to the energy consumption-CO 2 nexus, Lean and Smyth (2010) find a significant long-run association between electricity consumption and emissions in all of the ASEAN-5 countries.
The Granger causality panel indicates that unidirectional Granger causality runs from emissions to electricity consumption only in the short run. However, Bloch et al. (2012) investigate the relationship between coal consumption and emissions in China using both supply-side and demand-side frameworks, and their results reveal that there is bi-directional causality between coal consumption and pollutant emission both in the short and long run. Saboori and Sulaiman (2013) also find a bi-directional Granger causality between energy consumption and CO 2 emissions in all five ASEAN countries. The implication is that carbon emissions and energy consumption are highly interrelated.
Furthermore, Tang and Tan (2015) use the cointegration and Granger causality methods to examine the impact of energy consumption, income and FDI on carbon emissions in Vietnam. They find that energy consumption is a Granger-cause of CO 2 emissions in the short run and the long run. Moreover, the study concludes that energy consumption, FDI and income are the key determinants of CO 2 emissions in Vietnam. Similarly, Wang et al. (2016) Employing autoregressive distributive lag estimation, they find that FDI increases emissions in Malaysia, Thailand, and the Philippines; however, there appears to be an inverse relationship between FDI and pollution in Indonesia. Atici (2012) examines the interaction between trade and the environment in terms of carbon emissions for the group of ASEAN countries. Using both a random effects and a fixed effects panel analysis, the panel results show that FDI has a negative effect on CO 2 emissions, which indicates that FDI benefits the ASEAN countries in reducing pollution overall.
However, the results for the group of countries including Indonesia, Malaysia, Thailand and the Philippines indicate that FDI does not have any significant effect on CO 2 emissions.
It is clear that there are some inconclusive and mixed results concerning the relationships among CO 2 emissions, FDI, economic growth and energy consumption. Indeed, the evidence for the pollution haven hypothesis and the halo effect hypothesis is limited. The majority of studies have been conducted on single countries and involve only two or three variables, suffering from omitted-variable bias.
However, a few studies have employed a panel quantile regression fixed effect model to examine the relationships among the variables. Damette and Delacote (2012) 
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Fixed effect panel quantile regression
In this paper, we use a fixed effect panel quantile regression model to investigate the impact of FDI, economic growth and energy consumption on carbon emissions. By using a panel quantile regression methodology, we can examine the determinants of carbon emissions throughout the conditional distribution, especially in the countries with the most and least emissions. However, traditional regression techniques focus on the mean effects, which may lead to under-or over-estimating the relevant coefficient or even failing to detect important relationships (Binder and Coad, 2011) .
The quantile regression technique was introduced in the seminal paper by Koenker and Bassett (1978) . This method is a generalization of median regression analysis to other quantiles. The conditional quantile of i y given i x is as follows:
Quantile regression is robust to outliers and heavy distributions. However, these methods do not take into account the unobserved heterogeneity of a country. In this paper, we employ a panel quantile method with fixed effects, which makes it possible to estimate the conditional heterogeneous covariance effects of carbon emissions drivers, thus controlling for unobserved individual heterogeneity.
Some works, such as those by Koenker (2004) , Lamarche (2010) , Galvao (2011) and Canay (2011) , are focused on the econometric theory of applying quantile regressions to panel data. Consider the following fixed effect panel quantile regression model:
The major problem with fixed effect panel quantile regression is that the inclusion of a considerable amount of fixed effects ) ( i  is subject to the incidental parameters problem (Lancaster, 2000; Neyman and Scott, 1948) . The estimator will be inconsistent when the number of individuals goes to infinity but the number of observations for each cross-sectional unit is fixed. The main reason why the literature on fixed effect panel quantile regression is relatively scarce is that the inferior approaches to eliminating unobserved fixed effects are unfeasible in the quantile regression model. These methods rely on the fact that expectations are linear operators, which is not the case for conditional quantiles (Canay, 2011) . Koenker (2004) proposes an appropriate method for addressing such problems. The author treats unobservable fixed effect as parameters to be jointly estimated with the covariate effects for different quantiles. The unique characteristic of this method is the introduction of a penalty term in the minimization to address the computational problem of estimating a mass of parameters specifically; the parameter estimate is calculated as follows:
where i is the index for countries ) (N , T is the index for the number of observations per countries, K is the index for quantiles, x is the matrix of explanatory variables, k   is the quantile loss function. In addition, k w is the relative weight given to the k-th quantile, which controls for the contribution of the k-th quantile on the estimation of the fixed effect. In this paper, we employ equally weighted quantiles K w k 1  (Alexander et al, 2011; Lamarche, 2011) .  is the tuning parameter that reduces the individual effects to zero to improve the performance of the estimate of  . If the  term goes to zero, then the penalty term disappears, and we obtain the usual fixed effects estimator.
However, if the  term goes to infinity, then we obtain an estimate of the model without individual effects. In this paper, we set 1   (Damette and Delacote, 2012) . Furthermore, we study the effect of FDI, economic growth and energy consumption on carbon emissions by modifying the specifications of previous studies. We specify the conditional quantiles function for quantile  as follows
where the countries are indexed by i and time by time t . it y is the emissions indicator. The descriptions of other variables are provided in the next section.
Variable, data description and descriptive statistic
The purpose of this paper is to investigate the impact of FDI, economic growth and energy consumption on carbon emissions by using data from five ASEAN countries (Indonesia, Malaysia, the Philippines, Singapore and Thailand) over the period 1981-2011. The sample of ASEAN countries slightly shrinks when a related variable is considered as an independent variable, given that time series data for the entire period are unavailable or not fully available for other ASEAN counties.
Carbon emissions are a dependent variable and measured in terms of metric tons per capita. As previously indicated, carbon emissions are considered the primary greenhouse gas responsible for global warming. Our main variables of interest are FDI, economic growth, and energy consumption.
FDI is the net inflow as a share of GDP. The real GDP per capita, an independent variable, is expressed in constant USD at 2005 prices, and energy consumption, also an independent variable, is expressed in terms of kg of oil equivalents per capita. countries. This finding is not surprising because Singapore is a developed country, which supports the EKC hypothesis, i.e., an inverted U-shaped relationship between environmental pollution and income.
However, the other four countries are developing countries; thus, the trends for carbon emissions, the factors that have prompted the persistent increase in carbon emissions are somehow related to the increase in economic activity and energy consumption.
Fig. 2. FDI (measured as the share of net inflows in GDP)
Fig . 2 shows the time series of FDI for five ASEAN countries. The overall change in the series is much larger for the FDI series than it is for the other series. In particular, the FDI in Singapore has been increasing faster than in the other four countries over recent decades. Singapore shows unique features with regard to energy consumption. Since 1994, the level of energy consumption in Singapore has been declining, but the economic development level has continued to increase (see Fig. 3 ). The reasons may be related to improved energy usage efficiency. However, the energy consumption in the other four countries in the sample is steadily growing. Because the relationships among carbon emissions, economic growth, and energy consumption can be affected by others factors, it is appropriate to adopt a multivariate approach to avoid omitted-variable bias. According to the previous literature, a vector of additional explanatory variables consisting of trade openness, population size, the industrial structure and financial development is included in the model. Trade openness is measured by the share of trade openness in GDP. The population size is the total population of the country. The industrial structure is measured by the share of the industry value added to GDP. Financial development is the total value of domestic credit to the private sector as a share of GDP. Our data are collected from the World Development Indicators of the World Bank, and except for foreign direct investment, all variables are transformed into natural logarithms prior to empirical analysis. Details about the data are provided in Table1. indicate that the null hypothesis of the existence of a unit root could not be rejected for all of the variables at the selected level. However, the unit root null hypothesis for all of the variables at the first difference could almost be completely rejected at the 1% level. Therefore, an empirical analysis that uses the first difference sequence is necessary. As the results of the panel unit root tests indicate that the variables contains a panel unit root, we can proceed to examine whether there is a long-run relationship among these variables using the Johansen Fisher panel cointegration test proposed by Maddala and Wu (1999) . In the Johansen-type panel cointegration test, results are known to depend heavily on the VAR system lag order. Table 4 presents the results, which use one lag and indicate that seven cointegrating vectors exist. 
Panel quantile regression results
To facilitate comparisons, the model is first estimated by pooled and fixed effects OLS regression estimates. Columns 1 and 2 in Table 5 present the pooled and one-way individual fixed effects OLS regression estimates, respectively. The FMOLS technique reported by Pedroni (2000) was employed to estimate long-run elasticities. Pedroni (2000) notes that common time dummies are intended to capture certain types of cross-sectional dependency. Column 4 reports the results of FMOLS. As noted by Baltagi (2008) , time-period fixed effects control for all time specific, spatial-invariant variables whose omission could bias the estimates in a typical time series study. Thus, we are more concerned with the results of the model with a two-way fixed effect. Column 3 reports the results of two-way fixed effects.
Only the effect of ΔTRADE is consistent in the different specifications. To control for the distributional heterogeneity, the quantile regression with fixed effects in Koenker (2004) is used. As noted above, the omission of time-period fixed effects could bias the estimates in a typical time series study, which is the source of power for our focus on quantile regression analysis with a two-way fixed effect. Table 6 presents the results of the panel quantile regression estimation.
The results are reported for the 5th, 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th and 95th percentiles of the conditional emissions distribution. Overall, the empirical results indicate that the impacts of various factors on carbon emissions are clearly heterogeneous. Regarding FDI, we can observe that the impact of FDI on carbon emissions is clearly heterogeneous.
At the 5th quantile, the coefficient of ΔFDI is positive but insignificant at the 10% level. The positive coefficient of FDI is insufficient to support the pollution haven hypothesis in the low-emissions countries. However, other coefficients are negative and become significant at the high quantiles (70th, 80th, 90th and 95th quantile), implying that the influence of FDI on carbon emissions is negative and that the effect is more significant in high-emissions countries. These results support the halo effect hypothesis in high-emissions countries. FDI has an insignificant impact at low quantile, meaning that most FDI likely invests in non-polluting sectors in low-emissions countries. However, in high-emissions countries, may pay more attention to environmental problems, and their environmental regulations are stricter. Thus, in high-emissions countries, FDI inflow may help to develop managerial and specialized technological skills and innovations in the techniques of production; such technologies may also be indirectly passed on to domestic firms via backward or forward linkages. Multinational companies may also have more advanced technologies than their counterparts in these high-emission countries and will tend to disseminate cleaner technology that will be less harmful to the environment.
Therefore, in high-emissions countries, an increase in FDI improves the regions' environmental quality.
The results show that halo effect hypothesis is valid in high-emissions ASEAN-5 countries. Our results are similar to those of Atici (2012), who investigates the relationship between FDI and pollution by employing both random and fixed effects panel analyses in ASEAN countries. This author's results also support the halo effect hypothesis and provide no evidence for the FDI's deteriorating impact on environmental. However, this result cannot help us obtain a more complete picture of the factors that influence carbon emissions. In this paper, the results provide detailed description throughout the conditional distribution, especially in the countries with the most and least emissions. For example, at the 5th quantile, the coefficient of ΔFDI is positive but insignificant at the 10% level, which reminds low-emissions countries to prevent this region from becoming a pollution haven in the future. Similarly, our finding is consistent with the results of Asghari (2013), which support the halo effect hypothesis, although the study used MENA data, whereas ours focuses on ASEAN countries. In addition, Table 4 shows that the coefficients of ΔFDI are all negative and significant in the different OLS regression methods. This finding shows that the results under-or over-estimate the effect of factors. Therefore, it is inappropriate to use the OLS regression method to represent the relationships among variables.
Similarly, regarding economic growth, we can observe that the impact of economic growth on carbon emissions is also clearly heterogeneous. There are some significant differences across different percentiles in the conditional distribution of ΔCO 2 . The coefficient of ΔGDP is highly significant and has a positive sign at various quantiles except for 95th quantile, which initially increases and then decreases along with the increase in the ΔCO 2 quantiles. At the 80th quantile, it becomes insignificant and then turns negative and become significant again at the 95th quantile. The coefficients of GDP2 are positive at all quantiles and are significant at the 90th and 95th quantiles. The quadratic term of GDP indicates that the relationship between economic growth and carbon emissions is monotonic in ASEAN-5, which implies that the EKC hypothesis is not applicable to the ASEAN-5 countries overall in the past. One possible explanation of this phenomenon is that ASEAN countries may not have achieved a desired level of income at the development stage. The findings of our study are in sharp contrast with those reported in earlier empirical studies (Ang, 2007; Apergis et al., 2009 ) and do not support the conventional wisdom of the EKC hypothesis that the level of environmental pollution first increases with income and then stabilizes and declines. However, our results are consistent with those of Narayan and Narayan (2010) and Chandran and Tang (2013) . Overall, compared with previous research, these results provide not only evidence that tests the validity of EKC hypothesis but also a more complete picture of economic growth in pollution emissions. Specifically, our results show that the coefficient of ΔGDP is negative and significant at the 5% level for the 95th quantile, implying that a higher economic growth level can mitigate the increase in carbon emissions in high-emissions countries. Nevertheless, the coefficient of ΔGDP is insignificant and positive in the OLS mean regression with a two-way fixed effect. One possible explanation is that the results of our study are corrected for distributional heterogeneity, which could reduce the likelihood of under-or over-estimating the relevant coefficient. Additionally, the results provide evidence for our statement that OLS mean regression only provides an incomplete picture of the effect of economic growth on carbon emissions.
Furthermore, the coefficient of ΔENC is insignificant at lower and higher quantiles (the 5th, 20th, and 95th quantile) but significant in the OLS mean regression with a two-way fixed effect. Therefore, it is inappropriate to use the OLS mean regression method to represent the relationship between energy consumption and carbon emissions. Overall, the results imply that, as energy consumption increases by 1%, the level of carbon emissions increases by 0.046%~0.723%, which is consistent with our expectations because energy consumption is expected to cause more carbon emissions unless the country is utilizing mostly renewable sources of energy.
The other results for the control variables included in the model are also informative. First, we can observe the impact of the population size on carbon emissions. The coefficient of ΔPOP is clearly significant and positive at lower quantiles (the 5th, 10th, 20th, 30th and 40th quantile); at the 50th quantile, it becomes insignificant and then turns negative and becomes significant again at the higher quantiles (90th, 95th quantile), implying that a larger population size leads to higher carbon emissions in low-emissions countries whereas the opposite holds true in high-emissions countries. Second, the coefficient of ΔTRADE is negative and significant at the lower and higher percentiles, indicating that a higher level of trade openness can relieve carbon emissions in low-or high-emissions countries. Third,
the results of ΔINDUS demonstrate that the share of the industry value added to GDP has a positive influence on carbon emissions in high-emissions countries. Finally, we can observe that the coefficient of ΔFINAN is significant only at the 5th and 95th quantiles and that its sign is positive except at the Finally, we must use inter-quantile tests to verify the heterogeneity of the parameters. Inter-quantile tests are developed to examine whether the differences along the estimated coefficients are significant across quantiles. In particular, following Koenker and Bassett (1982) , Wald tests are performed to check for slope equality across quantiles. The variance-covariance matrixes of the corresponding coefficients are obtained from the bootstrap procedure. To save space, we present only the results concerning whether the model in the lower quantiles, herein represented by the 5th quantile, is the same as that in the middle quantiles (the 50th quantile) and in the higher quantiles (the 95th quantile). Table 7 presents the results of the test of equality of the coefficients between the lower quantiles and the upper quantiles, rejecting the hypothesis of parameter homogeneity except in the cases of ΔENC and ΔTRADE. Therefore, it is important to consider the distribution heterogeneity in studying the relationships among FDI, economic growth, energy consumption, financial development and carbon emission. In summary, by comparing the results of two methods, we can determine that panel quantile regression models provide a more complete picture of the factors that influence carbon emissions. In addition, based on the results, we can observe that the impacts of various factors on carbon emission are evidently heterogeneous. In particular, the effect of FDI supports the pollution haven hypothesis in low-emissions countries, whereas this effect supports the halo effect hypothesis in high-emissions countries. The impact of economic growth on carbon emissions is also clearly heterogeneous. The results indicate that a higher level of economic development can mitigate the increase in carbon emissions in high-emissions countries. Energy consumption increases carbon emissions, with the strongest effects occurring at the high end of the conditional distribution.
Robustness analysis
To test the validity of our results, in this section, we conduct two robustness checks. These include considering different values for λ and an alternative model specification.
First, we study whether our results are robust to different λ. We experiment with different values of λ ranging from 0.1 to 1.5. To save space, we present only the main variables of interest. The findings are reported in Table 8 , and the results of the Wald tests, which are performed to check for slope inequality across quantile estimates, are reported in Table 9 . The results are almost consistent with the results from the panel quantile regression with λ = 1. Second, Lee and Chang (2009) show that financial development indicators have a larger effect on economic growth than does FDI. Similarly, Ang (2009) argues that FDI and financial development are positively related to output in the long run. Given the relationship between these variables, we conduct two other model specifications. Specification I includes only FDI, and specification II includes only financial development. The results are reported in Tables 10 and 11 , respectively. The findings are similar to those from the model specification including both variables. The corresponding Wald test results are presented in Table 12 . The results show that there is a significant difference for the energy consumption variable when the model uses specification II. In addition, there is a significant difference for the economic growth variable between the 5th and 95th quantiles when the model uses specification Ι. In other words, the results from these two robustness checks largely support the robustness of the previous results. 
Conclusions and policy recommendations
The main aim of this study is to explore the impact of FDI, economic growth and energy consumption on carbon emissions. We use the panel quantile regression method to achieve the objectives. This method takes the unobserved individual heterogeneity and distributional heterogeneity into consideration. In addition, to avoid an omitted-variable bias, certain related control variables are included in the model. Compared with OLS mean regression, we believe that panel quantile regression models can help us obtain a more complete picture of the factors that affect carbon emissions. This study covers the annual sample period from 1981 to 2011 in five ASEAN countries.
The empirical results indicate that the impacts of various factors on carbon emission are evidently heterogeneous. In particular, the effect of FDI on carbon emissions is positive but insignificant at lower quantile, which does not lend sufficient support to the pollution haven hypothesis in lower-emission ASEAN countries. Nevertheless, the influence is negative in the middle-and high-emissions countries, which supports the halo effect hypothesis. These results are similar to those of Atici (2012) , who believes that FDI benefits ASEAN countries in reducing pollution as a whole. Overall, we also find that energy consumption has a positive and significant effect on carbon emissions. Energy consumption increases carbon emissions, with the strongest effects observed at higher quantiles. Furthermore, this study also examines the validity of the EKC hypothesis in five ASEAN countries. The results indicate that the inverted U-shaped EKC hypothesis is not applicable to the ASEAN-5 economies as a whole.
Our results are similar to those of Chandran and Tang (2013) . However, the effect of economic growth is negative and significant in the uppermost quantile, which suggests that a higher level of economic growth can mitigate the increase in carbon emissions in high-emissions ASEAN countries. This conclusion is further confirmed by the Wald test, which is designed to examine whether the observed differences along the estimated coefficients are significant across quantiles. Similarly, the population size has a positive relationship with carbon emissions in low-emissions ASEAN countries, whereas the relationship is negative in high-emissions ASEAN countries. In addition, we find that trade openness has a negative influence on carbon emissions. In particular, the effect of trade openness is significant for low-and high-emissions countries. We do not find any significant effect of industrial structure on carbon emissions except at the uppermost quantiles. Another important finding is that a higher financial development level does not reduce carbon emissions in low-or high-emissions ASEAN countries.
Finally, our results are generally robust for the different values of λ and when alternative model specifications are adopted.
Based on the results of the study, the following policy implications must to be pursued in to improve environmental quality in ASEAN countries. First, according to the pollution haven hypothesis and the halo effect hypothesis in different countries, host countries should attempt to assess the environmental impact of FDI before introducing foreign investors into the country. Moreover, high-emissions countries should improve the level of FDI. Second, in terms of energy consumption, energy is very important for development and poverty reduction. Each ASEAN country should consume energy effectively and have an energy development programme to shift from fossil fuels, such as oil, to clean and renewable energy, based on the existing condition of each country. Third, our findings suggest that high-emissions countries could benefit the most from increasing the levels of economic growth and population size. Among the low-emissions countries, higher economic growth and a greater population size do not appear to reduce carbon emissions. Therefore, high-emissions ASEAN countries should strengthen economic growth and improve their population size to reduce carbon emissions. Then, each ASEAN country should enhance trade openness; in particular, the effect of enhancing trade openness is clearer for low-and high-emissions ASEAN countries. Finally, the most important implication of our findings is that uniform carbon emissions control policies are unlikely to succeed equally across countries with different carbon emissions levels. Therefore, carbon emissions control measures should be tailored differently across low-emissions and high-emissions nations.
